C. elegans N2, bacterial TSB cultures (500 µl at OD600 = 10) were spread onto peptone-108 free medium (PFM) agar plates. Maintenance and bleaching, to obtain gnotobiotic, age-109 synchronized worms, followed standard methods (27).
110
Genome sequencing
111
Total DNA was isolated from bacterial cultures using a cetyl-trimethyl-ammonium-bromid Biosciences, US) on one to three SMRT Cells, applying a movie length of 240-minutes.
118
SMRT Cell data was assembled using the RS_HGAP_Assembly.3 protocol (SMRT annotated with PGAP and Prokka v1.11 (33). Genomes were compared with BRIG (34).
129
All sequences are available from NCBI Genbank, Bioproject PRJNA400855.
130

Reconstruction of metabolic networks
131
Metabolic networks were reconstructed as a basis for all subsequent computational 132 metabolic analyses and followed a two-step pipeline (Fig. 1a) substrates (k = 7, n = 10 3 ; (44)) was performed ( Supplementary Fig. S1 ). Statistical
173
analyses were performed in R version 3.3.1 (45) and ggplot2 (46).
174
Bacterial growth experiments
175
To validate BIOLOG results, we assessed growth of MYb11, MYb71, and a co-culture of 176 both in defined media with either alpha-D-glucose or D-(+)-sucrose as carbon sources.
177
Our defined medium is related to S medium (27), and contains 0.3% NaCl, 1 mM kanamycin (10 µg/ml) allowed to quantify MYb11/MYb71 proportions in co-culture.
185
Three independent runs with technical replicates were performed and assessed with
186
Mann-Whitney U-tests and P-value adjustment by false discovery rate (fdr). producible if the maximal solution of exchange positive (i.e., production).
198
Simulation of ecological interactions
199
We assessed possible interactions among bacteria based on joined models, assuming a exchange fluxes, such as those that solely benefit the partner but not the producer (50).
203
The objective function was set to maximize the sum of fluxes through both biomass Table S3 ). Joined growth rates (j1, j2) were 207 compared to single growth rates (s1, s2). Mutualism was defined as j1 > s1 and j2 > s2, 208 competition as j1 < s1 and j2 < s2, parasitism as j1 < s1 and j2 > s2 (or vice versa), and 209 commensalism as j1 = s1 and j2 > s2 (or the reverse). homogenate and supernatant control were plated onto TSA for quantification.
219
We further measured worm population growth as a proxy for worm fitness. We counted 220 worms in the population initiated with three L4 after five days at 20 °C on bacterial 221 lawns.
222
Regression models 223 We analyzed the association between phenotypic measurements (i.e., bacterial 224 colonization and worm fitness) and metabolic as well as virulence characteristics using
225
Spearman rank correlation and random forest regression analysis. Significance for the 226 correlation analysis was assessed with permutation tests using 100 randomly generated then isolates were considered to follow a mixed strategy. Arthrobacter, Microbacterium), we included more than five strains and identified 262 substantial intra-generic genome variation ( Supplementary Fig. S2 ). To study the functional repertoire of the microbiome, we reconstructed genome-scale 269 metabolic models (Fig. 1a, Supplementary data S1) . The initial metabolic models were 270 curated by screening for transporter proteins and filling of missing reactions (gap-filling).
252
Results
253
Genomes of bacterial isolates, reconstruction and validation of metabolic networks
271
Curation increased model quality, including doubling of the number of utilized carbon 272 sources, reduction in the absence of essential biosynthesis pathways (e.g., for 273 nucleotides or amino acids) from 60% to below 10%, and reduction in the required 274 additional compounds for growth on defined media from on average six to one (Fig. 1b) .
275
In order to validate our metabolic models, we experimentally quantified the ability of five 276 selected bacterial isolates to utilize 46 carbon sources using the BIOLOG approach. The
277
BIOLOG results produced a 49.6% overlap with the initial draft models and an increase 278 to 70% overlap with the curated models ( Fig. 1c and Supplementary Fig. S9 ). These 279 curated models were subsequently used to explore bacterial metabolic competences. (Table   325 1).
327
We next assessed the metabolic competences of the microbiome isolates
328
(Supplementary Table S4 ). In general, the inferred metabolic competences are (Fig. 2c) . Simulation of 344 in silico growth ( Supplementary Fig. S9 ) suggests that simple sugars, such as glucose, 345 ribose or arabinose, can be used by all organisms while the ability to degrade lactose, 346 maltodextrin, or sucrose varies among strains. Short chain fatty acids were among the 347 compounds that can be generated by all organisms (Supplementary Fig. S9 Table S5 ).
351
We subsequently focused our analysis on Ochrobactrum and Pseudomonas isolates.
352
These two genera are enriched in the native microbiome of C. elegans, comprising 10- isolates, but unlike almost any of the other microbiome members (Fig. 2c) (Supplementary Fig. S3; (15) ). For a first insight into 377 bacterial interactions, we additionally included a MYb11-MYb71 mixture (two strains that 378 can co-exist in C. elegans (15). We found that the metabolic repertoires of the strains 379 differ and that the four microbiome isolates can be distinguished from OP50 based on 380 the metabolism of carboxylic and amino acids (Fig. 3a, cluster II; Supplementary Fig.   381 S4). Within the microbiome, MYb10 was least versatile at using carboxylic acids and 382 sugar alcohols (Fig. 3a, cluster IV) , while MYb11 and the two Ochrobactrum strains 383 could additionally metabolize unique sets of carboxylic acids and sugar alcohols, 384 respectively (Fig. 3a, cluster V and III) . Notably, the disaccharides sucrose and turanose 385 were only metabolized by MYb71 (alone and in co-culture) (Fig. 3a, cluster III SD of CFU/ml at inoculation. Statistical differences were determined using Mann-
401
Whitney U-tests and corrected for multiple testing using fdr, where appropriate. Fig. 3b; Supplementary Fig. S6 ). MYb71 produced 415 more CFUs than MYb11 in co-culture (Fig. 3b) , suggesting that MYb71 has a growth (Fig. 3b, Supplementary   419 Fig . S6) . Surprisingly, MYb11 increased in CFUs in co-culture, while in monoculture 420 MYb11 CFUs declined over time, indicating parasitic growth (Fig. 3b) MYb71 but not MYb11 (Supplementary Fig. S10 ). In silico growth simulations 427 demonstrated that MYb71 can grow in sucrose medium, MYb11 alone does not, while in 428 co-culture both increased in numbers (Fig. 3c) . The simulations thereby re-captured the (Fig. 3d) . This changed completely when the nutrient environment was simplified to a 438 glucose minimal medium: 50% of the interactions were parasitic (i.e., the growth rate for 439 one isolate was higher in co-culture than in monoculture, while this pattern was opposite 440 for the other isolate of a pair), one out of three interactions were competitive, and 8% 441 mutualistic (i.e., growth rates for both isolates higher in co-culture than the 442 monocultures; Fig. 3d ). Under these minimal medium conditions, the most frequently 443 exchanged metabolites across bacteria were glyceraldehyde, acetate, and ethanol
444
( Supplementary Fig. S7 ). We conclude that the nutrient context modulates bacterial 445 growth, consistently identified both in silico and in vitro, and thereby shapes bacteria-446 bacteria interactions within the microbiome. (Fig. 4, 
461
Supplementary Table S8) . (Table 1) .
474 475
To further explore the potential behavior of the microbiome isolates in an ecological 476 context, we interpreted their genomic and metabolic traits in light of the universal 477 adaptive strategy theory (52,53). We found that 26 isolates were associated with a 478 competitive, 9 with a stress-tolerating, and 37 with a ruderal (fast niche occupiers) 479 strategy (Fig. 5a ). The remaining 6 isolates showed a mixed strategy (same score for In the following, we will discuss in more detail (i) the diversity of metabolic competences 
559
We also found that trans-3-hydroxyproline degradation in bacteria is associated with 560 increased nematode fitness. In worms, hydroxyproline is present in collagen type IV, a 561 major component of the extracellular matrix in the pharynx, intestine and cuticle (68-70).
562
The breakdown of hydroxyproline can generate reactive oxygen species (71). These In conclusion, our study provides a resource of naturally associated bacteria, their whole 577 genome sequences, and reconstructed metabolic competences that can be exploited to 
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